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It is known that paralleling the growth of fowls antibody-like
factors against many bacteria and foreign cells appear regularly in
their blood.' 5, 6 Cancer-inducing viruses are also affected by similar
factors.7 The viruses of the Rous and Fuginami sarcoma and of the
Mill Hill 2 endothelioma are strongly neutralized by the serum
of adult fowls, but the Rous virus, the only one studied in this
respect, is generally not affected by the serum of chicks and pullets.
It was thought desirable to extend these observations to vaccinia, the
virus which induces active cell proliferation promptly followed by
necrosis. Levaditi and Nicolau"3 showed that dermovaccine virus
adapted to the brain of rabbits (neurovaccine) has lost most of its
power to infect chickens. Andervont2 confirmed this observation,
but showed that chicks are susceptible to neurovaccine injected into
the skin. Chicks die after intracerebral injections of vaccinia and the
virus can be passed serially through the brain of chicks. Buddingh4
has described the generalized lesions occurring in chick embryos
injected in the chorio-allantois. With the exception of the central
nervous system the virus disseminated throughout the whole organ-
ism with no evidence of heightened affinity for any special tissue.
Guarnieri-like bodies were formed in all the lesions.
Materials and methods
In most of the tests the Levaditi strain of neurovaccine virus grown in the
testes of rabbits was employed. Five days after the virus injection the rabbit
was killed, and the infected testicular tissue was ground with sand and 9
volumes of a mixture of equal parts of glycerol and Ringer's solution. The
resultant pulp was stored in tubes under a layer of vaseline at 2 - 40 C. Dilu-
tions from this material were obtained before each experiment. In other tests
a stock suspension of elementary bodies of vaccinia, kindly supplied by Dr.
Smadel, was employed. The source, mode of preparation, concentration,
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and activity of the preparation are to oe found in the article by Hoagland,
Smadel, and Rivers."2 Dilutions of the virus pulp or of the purified prepa-
ration were obtained and either all or some of these dilutions were mixed with
equal volumes of the undiluted sera to be tested. After incubation, under
conditions to be detailed later, 0.5 cc. of each of these mixtures were injected
intradermally into rabbits. As controls, analogous mixtures were obtained in
which saline solution was used instead of serum, and they were injected intra-
dermally into the same rabbits. In general, two sera were tested on a single
rabbit. The resultant lesions were recorded 5 days after injection.
TABLE 1
NEUTRALIZATION OF VACCINE VIRUS BY SERA OF CHICKENS OF DIFFERENT AGES,
TESTED ON THE RABBIT SKIN
Average size, in sq. cm., of the lesions resulting from
Age of fowls Number 0.25 cc. of serum or saline plus 0.25 cc. of each of
whose sera of the following virus dilutions
were tested sera Mixtures 1:10 1:100 1:1000 1:10,000 1:100,000
1 day serum 7.3 0.9 0.17
or less 4 (3)* (4) (4)
saline 7.3 0.9 0.2
___________________ _______ _________ (3) (4) (3)
1 week 4 serum 4.6 0.(5 0.2
(4) (4) (4)
saline 7.6 0.4 0.2
l_________ ______ _____ ____ ________ (2) (2) (2)
6 weeks 4 serum 13 5.0 0.7
(4) (4) (4)
saline 16 5.4 2.2
__________ __ ___ _______ ___ ________ (4) (2) (2)
8-10 serum 12 1.1 0.25
weeks 7 (7) (7) (7)
saline 17 4.9 2.1
_________ _____ ______ ____ _______ (4) (4) (4)
8-18 serum 14.2 7.3 3.8 0.3 0.07
months 26 (27) (30) (37) (4) (4)
saline 36.9 19.3 5.3 2.5 0.1
(12) (15) (24) (4) (4)
* Figures in parentheses refer to number of tests in each case.
Lesions were measured 5 days after infection.
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The neutralization of vaccine -virus by the blood of fowls of differ-
ent ages.
Sera from 49 fowls of both sexes varying in age from 24 hours
to 18 months were tested for neutralizing power against vaccinia
virus. The results obtained are detailed inTable 1.
From the results it appears that: (a) serum from new-hatched
chicks is devoid of neutralizing power for the virus; (b) that of
chicks or that of pullets 7 to 40 days old shows some neutralizing
power which, for obscure reasons, is manifest on only some of the
virus dilutions; and (c) the serum of older pullets and adult chick-
ens shows a constant and pronounced neutralizing power manifest on
all the dilutions of virus studied.
Several of the data in Table 1 represent the results of testing
the same serum against ordinary or purified virus under different
temperatures and for variable lengths of time. These tests showed:
first, that the sera exerted their effect on the virus at all tempera-
tures but a better neutralization was obtained at 2 -40 than at 370;
second, mixtures incubated for from 3 to 15 hours resulted in a
better neutralization than if they were injected immediately after
being obtained. These results held true for both ordinary and
purified virus.
Normal sera from most adult normal chickens are endowed with
a strong flocculating power for tissue extracts at low temperature.6
In the present tests gross flocculation of the most concentrated sus-
pensions of the ordinary or purified virus preparations by sera of
adult chickens was observed at 2 -4°. However, that the inactiva-
tion of all or part of the virus is not incidental to such flocculation
is shown by the following tests.
Experiment: Sera from 12 adult chickens were studied for their power to
flocculate mouse-liver extract' and for their neutralizing effect on vaccine
virus. Six of the sera had a strong or very strong flocculating power, while
in the rest this power was either moderate or weak. Yet the virus was
equally neutralized by all sera.
Experiment: Four chickens were immunized against horse serum6 until a high
precipitin titer was reached. Then, the blood sera of the birds were absorbed
with the specific antigen, a procedure which is known to result in a parallel
absorption and removal of the factor flocculating tissue extracts.6 The
absorbed sera were tested against vaccine virus and their effects compared
to those of the non-absorbed sera tested on the same rabbit. No differences
in the neutralizing power were detected.
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The effects of injections of vaccine virus on fowls of different ages
The subject was approached from the following angles: (a)
extent of the local lesions following skin inoculation; (b) extent
of the generalized lesions following skin and vein inoculations;
and (c) recovery of the virus from skin and viscera.
Experiments: In 3 separate experiments about 75 fowls of both sexes, ranging
in age from less than 24 hours to 8 months, were injected either in the skin
or in the vein with vaccine virus. In 2 of the experiments where the virus,
diluted to 1:100, was applied to the skin, it was done by scarification of 1 sq.
cm. of the breast skin per 40 gm. of body weight (the approximate weight
of a newborn chick). When the virus was injected intravenously it was
done at the ratio of 0.5 cc. of the 1:100 dilution per 40 gm. of body weight.
In the third experiment newborn chicks were either injected in the vein with
0.5 cc. of a 1:10 virus dilution or scarified over the whole breast with undi-
luted pulp. About one-third of the birds were kept for several months to study
the possible late effects of the virus; the rest were sacrificed from 5 to 20
days after inoculation. Portions of the grossly affected tissues or of apparently
normal tissues taken at random were secured, one-half of each piece being
kept for histological examination and the other half extracted with the purpose
of investigating its possible content in virus. This was done by grinding the
tissue with 5 volumes of saline solution, centrifugation of the pulp, and intra-
dermal injection into rabbits of 0.5 cc. of the supernatant fluid.-
Extent of the local skin lesions
Without exception these lesions were most pronounced in new-
born chicks. A large number of pustules, mostly umbilicated,
developed and they were also observed beyond the scarified area.
Pustular reaction was also very clear in pullets 2, 4, 6, and 8 weeks
old but it was strictly limited to the point of inoculation. In the
older pullets of this group the pustules were less prominent than
in the younger ones. In adult chickens the infection was largely
manifested by an erythema while pustule formation was rare or even
absent. In all the animals the infection reached its maximum 5 days
after inoculation (Figs. 1 and 2), but 13 days after inoculation
practically no signs of infection could be detected in adult chickens
whereas in chicks well-shaped although drying pustules were still
observed.
Microscopic examination of the skin lesions, stained with hema-
toxylin-eosin and Masson methods, showed the essential traits of
vaccinial reaction described in the chick4 and rabbit10 embryos as
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well as in adults by many authors. The following differences,
though, depending on the age of the host, were found in the lesions
at the 5th day: in chicks, epithelial and fibroblastic proliferation
predominated over the mononuclear and collagenous reaction (Fig.
3), while the opposite was true in adult chickens (Fig. 4). How-
ever, in 12-day-old lesions a collagenous reaction was very pro-
nounced in chicks.
Extent of the generalized lesion follo'seng skin and vein inoculation
Gross lesions were rare and not specific in fowls of all ages.
They consisted of areas of hemorrhage, often subcapsular, or of
discoloration suggesting degenerative changes in several viscera.
They were observed in approximately 15 per cent of the animals.
Microscopic study was carried out in 28 chicks, pullets, and chickens.
Half of these animals were injected in the skin and the other half
in the vein. Again the lesions encountered were not numerous,
lacked specificity, and were present in few birds. In the liver, they
consisted of necrosis, either scattered or focal, and proliferation of
bile ducts; in the lungs, of mononudear infiltration with some
hemorrhage around the bronchi; and in the ovary of adults, of
small patches of necrosis and mononuclear infiltration. The sub-
capsular hemorrhages were, in general, not accompanied by lesions
in the adjacent parenchyma. Clear differences in the incidence of
all these lesions attributable to the age of the host were not noticed.
Beyond the 15th day no lesions were found which could definitely
be ascribed to vaccinia.
Recovery of the virus from theinfected skin and the viscera of fowls
The presence of virus in the skin lesion and in the viscera of
fowls infected with virus was investigated S and 13 days after the
animals were injected in the skin or in the vein. Results from the
tests S days after infection are summarized in Table 2.
It is clear from the results that large amounts of virus can con-
stantly be recovered from the skin lesion and from the viscera in
fowls injected at the age of from 1 day to 2 weeks, whereas such is
not the case in 8-week-old pullets and 9-month-old chickens.
However, the case of the liver of the last adult chickens indicates
that virus can occasionally be harbored in large amounts in some
viscera of such hosts. The constant finding of virus in the ovary
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TABLE 2
CONTENT OF TISSUES IN VIRUS 5 DAYS AFTER INJECTION OF VACCINIA INTO FOWLS
Lesions induced in the rabbit skin by intradermal
Age at Route of injection of 0.5 cc. of extracts of different tissues.
No. of time of infection Injected
animals injection of virus skin LiverLung Spleen Kidney Ovary Egg-yolk
1 24 hrs. cutaneous 10+ 3+ 3+ 2+ 3+
or less
1 '24- hrs. intravenous 3+ 3+ + 3+
or less
1 2 weeks cutaneous 7+ + + 4+ 4+
1 2 weeks intravenous 2+ 2+ 2+ 2+
1 8 weeks cutaneous 5+ _ _
1 8 weeks intravenous - - - -
1 9 months cutaneous 4: + 2+ 4- 2+ +
1 9 months intravenous 7+ - - 2+ 3+
and egg-yolk* of sexually mature birds and its absence in the same
organs of immature pullets may be of interest, and calls for further
work. The finding can be related toa similar one on the virus of the
Rous sarcoma.8' 14
A comparative study of the incidence of gross or microscopic
lesions and ofthe yield ofanygiven tissue invirus did not give clean-
cut results.
The presence of virus was investigated in 8 more birds from the
same batch 13 days after they were injected with virus. The age
ofthe animals and the way they were injected were the same as those
described in Table 2. In no case was virus detected, either in the
injected skin (showing pustules only in chicks) or in the viscera.
As for the possibility of vaccine virus infection causing death in
fowls, the following can be said. Of 12 chicks inoculated in the skin
or vein with the 1:10 virus dilution, 7 died between the 2nd and 8th
days thereafter and virus was recovered from the primary lesions and
the viscera of some, whereas none of the older animals died. How-
* The yolk was secured by puncturing a medium-size egg and aspirating its con-
tent with a syringe. It was used diluted 1:5.
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ever, the extent of gross or microscopic lesions in the dead chicks was
no greater than in chicks similarly injected and sacrificed while in
good health.
Discussion
The experiments show that the infection of fowls of different
ages by vaccine virus is conditioned by a power of the blood to neu-
tralize the virus. This power, presumably depending on the pres-
ence of natural antibodies, develops gradually with the process of
aging so that the intensity of the infection is in an inverse relation
with the age of the host. Thus, one finds in vaccinial infection of
fowls the same state of affairs as that previously reported in infection
of the same host by tumorviruses.7' 8, 9
The age differences in the vaccinial infection of fowls manifest
themselves in two different ways, namely, in the severity and dura-
tion of the primary skin lesion, and in the persistence of the virus
in this lesion as well as in the viscera after cutaneous or intravenous
inoculation.
Generalized gross or microscopic lesions are scarce in the infected
animals even if injected shortly after hatching. This is in contrast
with the widespread lesions developing when the chorio-allantois of
12-day-old chick embryos is infected with virus, as reptrted by Bud-
dingh.4 This shows the remarkable development of a state of resist-
ance, in this regard, in the later stages of embryonic development or
shortly afterhatching, as is also the case with herpes virus."1 How-
ever, this resistance is farless complete in regard to the ability of the
tissues to allow multiplication of the virus. Such resistance is not
achieved till later, probably around the 8th or 10th week of life,
because our experiments show that it is at that time when antibody
production has attained higher levels, and virus is not found in the
viscera 5 days after injection. Thus, the vaccinial infection of the
chick is another example of the same dissociation between yield of
virus and presence of lesions which has been signaled in the viscera
of adult or fetal rabbits and in guinea-pigs infected with vac-
cinia."0' 1 16 However, even in adult chickens virus can be harbored
in some tissues, especially in the ovary, depending on some regional
conditions.
Summary
Paralleling the growth and aging of the individual there
develops in the blood of fowls a power to neutralize vaccine virus.
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In line with these findings the lesions induced by the virus in the
skin of chicks are more severe than those induced in pullets, and
much more so than those induced in adult chickens. Also, virus
can be constantly and abundantlyrecovered fromthe viscera of chicks
5 days after they were infected by way of the skin or the blood
stream, whereas such is not the case in older pullets and adult
chickens.
The results duplicate on vaccinia previous findings on sarcoma-
inducing viruses.
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FIG. 1. Vaccinial infection after 5 days in a chick scarified with virus at the age of 24 hours.
FIG. 2. The same infection in a chicken 8 months of age.
FIG. 3. Skin lesion after 5 days in chick scarified with virus at the age of 24 hours. Notice pro-
nounced proliferation of both epithelial and connective tissues and scarcity of collagen. X 135.
Masson stain.
FIG. 4. Skin lesions after 5 days, in 8-month-old chicken scarified with virus. Notice little stim-
ulation of epithelium, pronounced collagenous reaction, and abundance of mononuclear cells. Hema-
toxylin-eosin.